INTRODUCTION
Haemorrhagic septicaemia (HS) is the commonest contagious bacterial infection of cattle and buffaloes in Pakistan and other South-East Asian countries (2, 5) . The disease is caused by Pasteurella multocida Robert's type 1. It is highly fatal, with a mortality rate above 70%. The disease occurs in both cattle and buffaloes, but at least in South-East Asia, many more buffaloes die from HS than cattle (6) .
Formalin-killed, alum-precipitated bacterin of Pasteurella multocida is presently the most widely used vaccine for preventing HS. However, immunity lasts for 4 to 5 months and protective efficacy is only 60% (4) . Water-in-oil adjuvant vaccines of P. multocida using mineral oil and lanoline have been developed and used in some countries. However, the poor stability of the emulsion and high viscosity have hampered the widespread use of these vaccines (4, 5) .
This report describes two new oil adjuvants which are stable and easily injectable, for use in HS vaccines.
MATERIALS AND METHODS

Animals
Ten unvaccinated buffalo calves more than four months old, born at the Livestock Research Station of the Animal Sciences Institute, were used. Nine of them were randomly divided into three groups and vaccinated with P. multocida alumprecipitated bacterin or oil adjuvant vaccines. One served as unvaccinated control. Calves in all groups were similar in age and weight. The animals were fed green fodder and were kept in a herd of 26 calves at the Station.
Vaccines
Alum-precipitated bacterin
Commercially available P. multocida vaccine prepared by Veterinary Research Institute, Lahore (Batch No. 45) was used in the experiment. It is a formalinised alumprecipitated bacterin of P. multocida Robert's type 1 and contains 1 x 10 10 cells per 5 ml.
Adjuvant vaccine 1
P. multocida Robert's type 1 was grown in tryptose broth (Difco Laboratories, Detroit, USA) at 37°C for 24 hours in a shaking water bath. The bacterial growth was centrifuged at 3,000 rpm for 30 minutes. The pellet was washed and treated with 0.5% formaldehyde overnight at 4°C. The suspension was centrifuged and suspended in normal saline. The bacterial concentration was adjusted so that the vaccine contained the same number of organisms as the alum-precipitated bacterin.
Adjuvant was prepared by mixing Marcol 52, Montanide 103 (kindly donated by SEPPIC, Paris, France) and Pasteurella suspension in the ratio of 6:1:3. Marcol 52 and Montanide 103 were mixed at low speed (13,000 rpm) in a Hamilton Beach Drink Mixer (Hamilton Beach Div., Scovill, NC, USA). Pasteurella suspension was gradually added over a period of five minutes. High-speed mixing (18,000 rpm) was then done for fifteen minutes to prepare the adjuvant.
Adjuvant vaccine 2
This adjuvant was prepared by mixing 6.3 ml Marcol 52 and 0.7 ml Arlacel A for five minutes in the same mixer at low speed. Separately, Tween 80 (5%) was mixed with 3.0 ml Pasteurella suspension. Both constituents were gradually mixed for five minutes, followed by high-speed mixing for fifteen minutes.
All vaccines were injected in a 2 ml dose subcutaneously. A booster dose of 2 ml of each vaccine was given two months after the sensitising dose.
Antibody titration
Serum samples were collected at regular intervals before and after vaccination. They were stored at -30°C until antibody titration.
Antibody titration was carried out in quadruplicate by an indirect enzyme-linked immunosorbent assay (3) . Briefly, U-shaped 96-well microtitre plates (Flow Laboratories, Irvine, UK) were sensitised with l00m of sonicated P. multocida in carbonate coating buffer (pH 9.6) for 18 h at room temperature. The plates were washed three times with phosphate-buffered saline containing 0.05% Tween 20 (PBSTween 20). Test serum (100ml diluted 1:50 in PBS-Tween 20) was added to the wells, and the plates were incubated for 2 h at 37°C. After washing five times, 100m of rabbit antibovine peroxidase-conjugated IgG (Cappel Labs., Malvern, PA, USA) was added and the plates incubated at 37°C for 2 h. The plates were washed five times. Substrate (O-phenylenediamine dihydrochloride + 0.01 % hydrogen peroxide) was added and the plates kept in the dark for 20 min for colour development. The reaction was stopped by adding 2N sulphuric acid. The plates were read in an ELISA reader (Titertek Multiskan MCC/340) at 492 nm. Proper controls including a sample without antigen, a positive serum and a negative serum were run on each plate.
RESULTS
The adjuvant preparations possessed satisfactory physical properties ( Table I ). The aqueous phase did not separate from the oil phase upon centrifugation at 1,000 g for 30 min or standing at room temperature for 30 days. Antibody titres against P. multocida Robert's type 1 rose considerably following the sensitising dose (Figure 1) . In calves vaccinated with alum-precipitated bacterin, the titres declined sharply, but increased again after the booster vaccination. In both groups vaccinated with oil adjuvants, antibody titres did not decrease and remained at high levels throughout the experiment. The unvaccinated calf showed no rise in antibody titres during the period of study, and ELISA absorbance readings ranged from 0.15 to 0.38.
A natural outbreak of haemorrhagic septicaemia occurred among animals at the farm, and two calves died. None of the vaccinated calves died, and none showed signs of the disease. Two calves vaccinated with alum-precipitated bacterin, two calves vaccinated with oil adjuvant 1 and one calf vaccinated with oil adjuvant 2 had an increased rectal temperature during the outbreak, but recovered within 2-4 days. 
Geometric mean antibody titres of buffalo calves vaccinated with HS vaccines DISCUSSION
Oil adjuvants enhance the immune response to most antigens and prolong the duration of immunity. Field trials using oil adjuvants have proved their superiority over alum hydroxide and saponin for protecting against different diseases (7, 9, 10, 14) . The limiting factors in their widespread use are high viscosity, poor stability and adverse reactions at the site of inoculation (4, 11). The oil adjuvants described in this study were stable, had low viscosity and did not produce any adverse effects. The use of Montanide 103 as emulsifier imparts good properties to the adjuvants (8).
Sustained high antibody titres seen in animals vaccinated with oil adjuvants corroborate the findings of previous studies (1, 11, 12, 13) . However, this prolonged immune response might have been due partly to subclinical exposure of the experimental animals to P. multocida, as indicated by a rise in temperature in some of the vaccinated animals. Since the vaccinated animals did not contract the disease in the natural outbreak, the experimental vaccines seem to provide the required protection. Further experimental and field trials of these oil-adjuvant vaccines are needed to evaluate their efficacy.
ACKNOWLEDGMENTS
The authors are grateful to Mr M. Jahangir for his excellent technical assistance. 
